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A B S T R A C T
Gunshot wounds (GSW) are one of the most common causes of penetrating spinal injury, however
few data are available regarding GSW causing an indirect fatal nervous tissue injury, such as that
induced by the concussive force secondary to the bullet penetration. This report describes a rare case
of a death following a GSW spine injury at the level of C2 vertebral body, without direct contact with
the spinal cord, as seen with computed tomography scan performed soon after the death. At autopsy,
vertebral canal and dura mater, as well as spinal cord and medulla oblongata, appeared devoid of
pathologies and/or lesions, major viscera were unaltered. The cause of death was attributed to a
cardiorespiratory arrest subsequent to the GSW injury of the C2 vertebral bone. Histopathological
analysis of spinal cord and medulla oblongata was performed by means of conventional stainings, and
glial ﬁbrillary acidic protein (GFAP) and Neuroﬁlaments 200 kD (NF) immunohistochemistry.
Histological alterations stood out against a tissue with no other evident sign of neuropathology, and
could be observed from the caudalmost part of the medulla oblongata to the level of the inferior
olivary nucleus. Main structural changes were found in the white matter, involving often the adjacent
gray matter, where they appeared as multiple scattered areas of degeneration, lacking the usual
staining afﬁnity, and showing a disrupted ﬁbrillary pattern as evidenced by myelin staining, and
GFAP- and NF-immunolabelling.
The shock wave secondary to the impact on the C2 vertebral bone is likely to have been the cause of a
widespread neuronal-axonal histopathological damage at the spinal-medullary junction and caudal
medulla oblongata that is compatible with a severe fatal respiratory dysfunction and dysregulation of the
autonomic pathways subserving the control of blood pressure and cardiac activity.
© 2019 Published by Elsevier B.V.
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0379-0738/© 2019 Published by Elsevier B.V.spinal injury [1,2]. Critical factors accounting for the different
neurological upshots include the mode of injury, such as the type of
weapon, the bullet properties, the ﬁring distance, and the GSW
mechanism [3]. The correlation between spinal damage and either
the direct injury and/or vascular injury leading to ischemia has
been extensively demonstrated in both civilian and military
population [1–3]. By contrast, indirect injury from the concussive
force due to the bullet in absence of vertebral bone fracture is a rare
event [2]. The correlation between traumatic event and sudden
death also affects other anatomical sites and contexts. As an
example, the commotio cordis is a rare condition in which sudden
death is triggered by a blow/trauma to the chest that causes
electrophysiological changes in the heart rhythm, without evident
anatomical lesions, and is exhaustively treated in the medical and
Fig. 1. Computed tomography scan in transverse (A) and sagittal frames (B) at C1-
C2 level.
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between the commotio cerebri and the sudden death, in both the
military and civilian ﬁeld, would not seem to have a clear
recognition as an entity in the medical-scientiﬁc literature. In fact,
only few case studies give evidence of an immediate, unpredictable
death due to blunt force injury in the occipito-cervical region [6–8]
or to the energy transferred by a bullet on impact in the vertebral
bones [2]. We report a case of an adult man who died following the
entry of a missile, shot anteriorly to the mental region below the
left lower lip, and ﬁnally lodged in the C2 body. Autopsy revealed
no gross anatomical evidence of either spinal cord or brainstem
injury. On the basis of the medico-legal survey and the
histopathological ﬁndings we assumed that the transmission of
a concussive force generated a neurogenic shock at the junction of
the spinal cord and medulla oblongata, likely causing a severe
dysfunction of the autonomic nervous system.
2. Case report
2.1. History
The decedent was a 47 years old civilian male, arrived on
medicalized ambulance (MA) to the emergency room at 16:15 p.m.
The paramedics reported that the man was shot in the head. No
cardiopulmonary resuscitation was performed during transport to
the hospital. The objective inspection of the corpse conﬁrmed a
compatible gun shot wound (GSW) with an entry hole 2 cm below
the left side of the lower lip. A ragged wound of the head in the left
paramedian frontal region, not compatible with the exit hole of the
bullet, was also detected. The pupils were midiatric, areﬂexic. The
oral cavity was ﬂooded with blood; after aspiration, a lacerated
lesion of the tongue left margin and the destruction of the left
dental hemiarcade. Other obvious lesions of the head, trunk and
limbs were not appreciated. Electrocardiogram, general examina-
tion, skull radiography and computed tomography (CT) scan of the
head were carried out. Report of CT scan imaging of the head was
“Presence of a metallic bullet in the soma of C2, with multiple bone
fragments. The tip of the bullet is at the level of the cortical bone of
the posterior vertebral wall, and the dura mater is displaced
posteriorly and compresses the upper part of the spinal cord. Small
bubbles are evident in the anterior epidural space.” (Fig. 1). The
ﬁnal hospital report was that of a cardiorespiratory arrest due to
the gunshot wound of the face with C2 vertebral injury. Because of
the homicidal nature of the death, medico-legal autopsy was
ordered by the Magistrate to provide time since death, and cause
and circumstances of death.
2.2. Autoptic examination
Medico-legal autopsy was performed 43 h post-mortem and
established that the death occurred immediately after a gunshot
wound due to a calibre 7.65 bullet. The body presented no
signiﬁcant external injury except for the wound entry due to the
impact of the projectile, with a kinetic energy compatible with a
ﬁring distance of one meter, localized in the mental region below
the left lower lip. The bullet then passed through the whole
anterior–posterior extension of the tongue, teared the posterior
wall of the pharynx, and ﬁnally yawed and penetrated the bone
tissue of the C2 body remaining trapped in it, fracturing the
posterior wall of the bone of the vertebral body with no direct
violation of the vertebral canal. No dislocation of the high cervical
spine was present. The spinal cord and medulla oblongata had
their normal consistency and were free of contusion.
Anterior neck dissection revealed a hemorrhagic infarction of
the superﬁcial tissues originating in the region of the right
mandibular angle; after removal of muscles and other structures ofthe neck, the hemorrhagic infarction appeared to reach the retro-
pharyngeal soft tissues, adjacent to the cervical vertebral bodies.
The hemorrhagic infarction had a shape of an arrowhead with a
cranial tip, wherein the retro-pharyngeal tissues appeared
dissolved. The continuous solution appeared to penetrate and
deepen in the bone tissue of the C2 body. By exploring the lesioned
bone a roundish metallic body, apparently consisting of bare lead
was found in the bottom of the penetrating canal. When examining
the structures of the neck, the tongue, the pharynx and vertebral
column were interested by the GSW. The tongue, in its left anterior-
lateral margin, showed a channel-shaped passage with irregular
margins, slightly leaning from left to right and from bottom to top.
The wound canal opened in the tongue dorsal surface at the apex of
the lingual V, immediately in front of the lingual tonsils. A
continuous round-shaped solution was found in the upper part of
the pharyngeal posterior wall which appeared in continuity with
the lingual penetrating lesion. Sub-millimetric metal fragments
were found in the pharynx and in the peri- and retro-pharyngeal
tissues. Once the C1-C2 area was achieved, a continuous roundish
solution of about 8 mm in diameter was identiﬁed in the C2 body
where the metallic body above mentioned has been found. Upon
bilateral hemilaminectomy, no bleeding was observed in the
traumatized area. After cutting the dura mater, the spinal cord had
its usual consistency; though showing a blood clot on its right
ventral surface, it was free of contusive areas or haemorrhagic
Fig. 2. Autoptic spinal cord (A, B) and brain (C). A: the gross anatomical integrity of the spinal cord, and the absence of contusive areas or haemorrhagic infarction are shown.
B: thick serial transverse sections of cervical neuromeres showing normal consistency of the spinal cord. C: normal brain appearance.
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gray substance and the emergence of the spinal roots and nerves
were regular, as seen in fresh tissue (Fig. 2A) and after serial
sectioning of the spinal cord prior to parafﬁn inclusion (Fig. 2B). At
the scalp detachment, at the level of the pericranial tissues of the
frontal median and right parietal-occipital regions two areas of
hemorrhagic inﬁltration were present; however, the cranial bones
were undamaged. After removing the cranial vault, the dura mater
appeared normotensive. The brain had a regular shape with
symmetrical hemispheres, and normally represented convolutions
and grooves. The brain ventral surface, the Willis circle, the
brainstem and the cerebellum were regular (Fig. 2C). After cutting
the brain according to the Virchow technique, the ventricular
cavities appeared to contain a very modest quantity of serous
liquid; the choroid plexuses were congested; everywhere the limit
between white and gray substance was respected and the basal
ganglia showed regular boundaries. At the opening of the thoraco-
abdominal cavity gross pathological observation revealed that
major viscera appeared normal. Weights of major viscera are
reported in Table 1. Microscopical examination of the heart, lungs,
liver, kidneys, and spleen revealed no histopathological alteration.
3. Materials and methods
Serial sections of the upper cervical spinal cord and medulla
oblongata were processed for the histological and immunohisto-
chemical analysis. The sampling and handling of human specimens
conformed to the local Ethics Committee of the National Health
System in compliance with the principles enunciated in the
Declaration of Helsinki. The medulla oblongata, through a median
sagittal cut, was sagittally separated in two halves and ﬁxed
by immersion in 4% freshly prepared phosphate-bufferedTable 1
Organ weights.
Organ Weight, g Range, g [9,10]
Brain 1388 1070–1767
Heart 287 188–571
Right lung 610 185–967
Left lung 530 186–885
Spleen 165 43–344
Liver 1430 945–1689
Right kidney 147 79–223
Left kidney 158 74–235formaldehyde, pH 7.3, for 4–6 h at 4 C. One half was cut with a
cryostat in consecutive sections (16 mm thick) sections, the other
was processed for parafﬁn inclusion and cut with a microtome in 6
mm sections. The slices were deparafﬁnised with xylene,
rehydrated in graded concentrations of ethanol prior to Haema-
toxylin and Eosin (HE), Masson trichrome, Luxol Fast Blue (LFB) and
Klüver–Barrera method (KB), used as histological, Nissl and myelin
stainings [11], and to immunohistochemistry through an auto-
mated Leica Bond III (LeicaMicrosystems, Melbourne, Australia)
using a Bond Polymer Reﬁne Detection system (Leica Biosystems,
Newcastle, UK). Ready to Use antibodies against glial ﬁbrillary
acidic protein (GFAP) (clone GA5), synaptophysin (clone 27G12),
and Neuroﬁlaments 200 kD (NF) (clone N52.1.7) were used as
primary antibodies. Heat-Induced Epitope Retrieval (HIER) was
performed in Citrate-based buffer, pH 5-6, for 5 min, in the case of
GFAP and NF, and in Ethylenediaminetetraacetic acid (EDTA), pH 9,
for 20 min, in the case of synaptophysin. Negative control
preparations were obtained by omitting the primary antibody.
All slides were dehydrated and coverslipped. Observations and
photographs were made with a photomicroscope Olympus BX61
(Hamburg, Germany) equipped with a Leica DFC450 C camera
connected with the PC for the acquisition of digital images by
means of LAS AF software and with Nanozoomer 2.0-RS
(Hamamatsu).
4. Results
Histopathological analysis of serial sections of the cervical
neuromeres of the spinal cord and medulla oblongata showed that
histological alterations of the white matter could be observed and
were limited to the level of the spinal cord/medullary transition
and to the medulla oblongata. In the HE stained sections of medulla
oblongata (Fig. 3A, B), multiple scattered areas of degenerative
changes, with loss of the usual ﬁbrillary pattern and decrease in
staining afﬁnity, stood out against a nervous tissue almost normal
and with no obvious signs of neuropathology. In the same areas, at
the boundary with the adjacent normal tissue, nervous and glial
cells appeared disrupted or with cytoplasmic swelling. All these
structural changes are similar, although with a scattered distribu-
tion, to the neuropathological frame induced by an early hypoxic-
ischemic brain injury [12,13]. The same scattered round areas of
degeneration were also highlighted after the KB myelin staining
(Fig. 3C, D). The immunohistochemical reaction for GFAP showed
that the ﬁbrillary fragmentation involves the close network of
Fig. 3. Transverse sections of the ventral tegment of the medulla oblongata stained with Haematoxylin and Eosin (HE) (A, B), Klüver-Barrera method (KB) (C), and Luxol Fast
Blue (LFB) (D). A, C: scattered, round areas of degeneration induced by the concussive force of the bullet. B, D: high power view of degenerative areas (asterisks) showing loss
of the usual ﬁbrillary texture and cell swelling, suggestive of acute neuronal injury. Scale Bars: A, C = 100 mm; B, D = 20 mm.
e52 R. Demontis et al. / Forensic Science International 301 (2019) e49–e54astrocytic intermediate ﬁlaments (Fig. 4A, B). A neuropathological
pattern of the neuropil, characterized by a loose multifragmented
network of neuronal processes, and consistent with acute axonal
damage, was also observed after NF-immunostaining (Fig. 4C, D).
5. Discussion
Spinal cord injuries as a result of gunshot wounds represent
approximately the third most recurring worldwide cause of
penetrating spine injury with an incidence of 13%–17% [2,14].
GSW-induced spinal injury yields a range of different outcomes,
depending on various mechanical and biological factors [2]. Most
frequently the spinal cord sustains a direct trauma, such as
contusion, transection, vascular lesion and ischemia, that can be
associated with damage of surrounding bones and soft tissues;
thus, available data largely regard the conservative management of
patients who survived to GSW to the spine with subsequent
contusion of spinal cord [15,16]. Studies regarding the pathogene-
sis of GSW to the spine also focus on functional and radiological
aspects of the lesion in order to guide surgical and therapeutical
decision-making in the speciﬁc neurological cases [1,2,18,19].
Here we have reported a rare case of a 47 years old male with
fatal outcome following a GSW at C2 level without frank vertebral
canal violation and without a direct contact of the bullet’s track
with the spinal cord. Cases of spinal cord lesion following GSW
cervical spine injury without canal compromise, leading however
to a favourable outcome, have been reported; patients survived,
few days to years, either without neural lesion but with upper
airways impairment [20,21] or with different degree of neurologi-
cal deﬁcits [1,15,22,23]. To our knowledge no similar cases have
been described yet and available reports are only partially
comparable since the bulk of them regards the neurologicaloutcome in surviving patients. A unique fatal outcome due to
neurogenic shock caused by concussion of the central nervous
system at the level of spinomedullary junction was reported for a
case regarding a 13 years old girl, suddenly deceased following a
blow to the neck at the level of occipital-cervical spine [7]. In their
report, Davis and Glass [7] also stated that the spinal cord had the
usual consistency and did not show contusion either grossly or
histologically. One case of rehabilitation of a patient with C2 spine
fracture after a trafﬁc accident appears partially comparable to the
case here described; there, a hyperintensity from medulla
oblongata to level C3 of spinal cord was indicated by Magnetic
Resonance Imaging (MRI), and the patient transiently suffered of
hyperesthesia, quadriplegia and gatism [23]. A single case of a
bullet lodged in the subdural space at upper cervical region (C1-
C2), without any bone destruction, and without any spinal cord
injury, as proved by CT scan, has been reported [15]. A further case
regarding a 31 years old patient sustaining a fracture of the C5
spinous process due to gunshot injury to the neck, with no direct
spinal cord injury, reported of unexpected delayed tetraplegia [24].
Other available retrospective reviews addressed neurological
patients with GSW spinal injury at different thoracic level [17,25].
In 1979, Stauffer et al. [25], by reviewing 185 patients with GSW to
the spine, found that 101 out of 185 patients underwent
laminectomy and 11 of them, with either complete or incomplete
lesions, had a normal spinal cord. However, no further diagnostic
details, such as mielography, magnetic resonance, or possible
compression of the spinal cord, had been given to prove their
ﬁndings. In a more recent retrospective review of patients with
GSW spinal injury, regarding 3 of 26 cases with complete
paraplegia at thoracic level at 4 year follow up, diagnostic imaging
or surgical exploration did not show any sign of vertebral canal
violation, and led to suggest that the neurologic deﬁcit had been
Fig. 4. Glial ﬁbrillary acidic protein (GFAP)- (A, B) and Neuroﬁlament 200 kDa (NF)-immunostaining (C, D) of transverse sections of the ventral tegment of the medulla
oblongata. A, B: GFAP-like immunoreactivity is faint in the round scattered areas of degeneration (asterisks) induced by the concussive force of the bullet. C, D: NF-like
immunoreactivity intensely labels normal neuronal perikarya (thick arrows) and axonal processes (thin arrows), while is faint in the degenerative areas (asterisk) indicating a
loss of the usual ﬁbrillary texture. Scale Bars: A, C = 100 mm; B, D = 20 mm.
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reported a case of paraplegia with complete loss of sensation below
D10 level as a result of GSW causing spinal cord injury without
bony injuries and violation of spinal axis. A similar case of
conservative management has been reported by Khan et al. [16],
who showed contusion to the spinal cord, without direct trauma, in
a patient with complete paraplegia after a GSW injury in the T1-T2
region.
From a ballistic point of view, the outcome of bullet interaction
with the tissue is strictly related to its penetrating force and
destructive effect, both of which depend upon the projectile kinetic
energy. Thus, the leading edge of the bullet penetrates the tissue
according to a composite mechanism provided by the triple action of
hammer, i.e. the projectile crushes the contacted tissue due to the
overpressure created in its proximity, wedge, i.e. the projectile
diverges the surrounding tissue parts determining the so-called
wound channel, and drill, that facilitates penetration and transmits
to the tissues the projectile rotational movement [3,26]. The
resultant effect is the generation of pressure (or “shock”) waves,
lasting milliseconds, which act on the neighbouring tissues for a
distance proportional to the calibre of the projectile [3,26,27,28].
On the basis of the neuropathological results, and in the
absence of an evident anatomical death, we believe that the
observed structural damage of the nervous tissue represents the
morphological ground of the bullet-generated concussive force,
even without a direct contact or a straightforward injury of the
nervous tissue. Since the literature on the GSW injury to the
cervical spine regards neurological patients, we can only speculate
about the aspect of histopathological ﬁndings related to the
present case. Several studies attempted to establish a scientiﬁc
rationale behind the wound ballistics theories [[27],26,28]; thus,
the remote effects seen in tissue as the result of shock waves, ratherthan the most frequently observed temporary cavitations, has been
already prompted as the cause of nerve stimulation and
histological changes upon an extremely rapid increase in pressure,
followed by a sudden reduction in pressure [27 and refs in it].
Accordingly, studies on simulant animal models demonstrated
that the ballistic pressure wave alone can lead to brain injury [
27,29]. Moreover, a relationship between traumatic brain injury
and ballistics pressure waves originating in the thoracic cavity and
extremities has been established in neurological patients [29].
We suggest that in the present case report, an acute clinical
condition ofspinal shock affecting the spinalcord-medullary junction
had been fatal, since the death likely occurred following a
combination of a respiratory compromise and a neurogenic shock.
The respiratory impairment has been shown to be sustained from
trauma at any spinal segment owing to dysfunctional activity of
respiratory muscles [30]; thus, the injury at high cervical levels can
result in diaphragm dysfunction due to interruption of bulbospinal
respiratory projections to phrenic motor neuron groups (C3–C5). The
neurogenic shock involves a dysregulation of the autonomic path-
ways and creates a complex clinical condition characterized by loss of
autonomic functions with drastic reduction of sympathetic nerve
tone, blood pressure and cardiac activity, which can be determined,
amongothers, bya clinical condition of reducedvascular supply tothe
spinal cord or to medullary traumatic injuries [31].
6. Conclusion
The shock wave secondary to the projectile impact on the body
of the second vertebral bone is likely to have been the cause of a
widespread neuro-axonal damage at the level of the spinal cord-
medulla oblongata junction. The simple transfer of the bullet
kinetic energy may have caused a fatal neurological impairment
e54 R. Demontis et al. / Forensic Science International 301 (2019) e49–e54due to a severe respiratory dysfunction and to a dysregulation of
the autonomic system controlling blood pressure and cardiac
activity.
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